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Purpose: To identify the modes of failure after total knee arthroplasty (TKA) in patients <55 years of age and to compare with those >55 years of age 
in patients who underwent revision TKA. 

Materials and Methods: We retrospectively reviewed 256 revision TKAs among patients who underwent TKA for knee osteoarthritis between 
January 1992 and December 2012. The causes of TKA failure were analyzed and compared between the groups. 

Results: Thirty-one revision TKAs were performed in patients <55 years of age at the time of primary TKA, whereas 225 cases were in those >55 
years of age at primary TKA. In the <55 years of age group, the most common cause of TKA failure was polyethylene wear (45%) followed by 
infection (26%) and loosening (17%). The interval from primary TKA to revision was 8.6 years (range, 1 to 17 years). There were relatively lower 
infection rate and higher loosening rate in patients <55 years of age, but the difference was not statistically significant. 

Conclusions: The main causes of failure after TKA in patients <55 years of age were polyethylene wear, infection and loosening, and there was no 
significant difference in the modes of failure after TKA between the two groups. 
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Introduction 

Total knee arthroplasty (TKA) has been established as the 
treatment of choice for advanced degenerative arthritis. It has 
demonstrated excellent clinical efficacy in terms of postoperative 
pain, physical function, and patient satisfaction and contributed 
to long-term implant survival and patients quality of \ife '^\ The 
procedure has been performed commonly on elderly patients 
and rarely on young patients v\dth knee joint disorders accompa- 
nied by severe pain, such as rheumatoid arthritis^'^\ Recently, the 
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number of TKAs among young patients has been increasing. It is 
attributable to the grov\dng incidence and severity of degenerative 
arthritis in young patients and the expansion of indications of the 
procedure due to improved implant survival rates and achieve- 
ment of favorable outcomes from young arthritis patients^'^\ In 
general, TKA in young patients has been associated v^th relative- 
ly unsatisfactory results and different causes of failure from those 
in elderly patients^'^l HoM^ever, most of the research on TKA in 
young patients involved those Mdth rheumatoid arthritis; thus, it 
is difficult to find studies that enrolled those v\^ith degenerative 
arthritis alone. In particular, there is scant literature available re- 
garding the relationship betv^een age and the cause of failure after 
TKA. In this study, we investigated causes of failure of TKA in 
patients 55 years of age or younger and made comparisons v\dth 
patients older than 55 years of age among those who underv^ent 
revision TKA. 

Materials and Methods 

Causes of failure were investigated in 240 patients (256 cases) 
v^ho had revision surgery after primary TKA that had been 
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performed under the diagnosis of degenerative arthritis at our 
institution between January 1992 and December 2012 and were 
compared between those <55 years of age and those >55 years of 
age. The age at the time of primary surgery was <55 years in 30 
patients (31 knees) and >55 years in 210 patients (225 knees). 

Clinical and radiographic follow-up examinations were per- 
formed 3 months, 6 months, and 12 months after primary TKA 
and yearly afterwards. Knees that were revised due to TKA failure 
during the follow-up were reviewed retrospectively. The modes 
of failure identified through clinical and radiographic assess- 
ments and intraoperative observation were classified according 
to the standardized list and definition of the Knee Society^l 

Statistical analysis was done using the Fisher exact probability 
test, with p<0.05 considered statistically significant. 

Results 

A total of 11,816 TKAs were performed at our institution be- 
tween 1992 and 2012. Of these, revision was required in 256 cases 



Table 1. Patient Demographics 



Variable 


<55-yr-old 


>55-yr-old 


Total 


Total TKA 


453 


11,363 


11,816 


Failure 


31(7) 


225 (2) 


256 (2.2) 


Gender (M/F) 


3/27 


23/187 


26/214 


Age (yr) at primary TKA 


50.6±5.85 


65.7±5.98 


63.9±7.39 


Age (yr) at revision TKA 


59.2±8.22 


70.5±6.81 


69.5±7.94 


Time to failure (yr) 


8.6±4.30 


5.3±3.97 


5.7±4.18 



Values are presented as number (%) or mean±standard deviation. 
TKA: total knee arthroplasty. 



(240 patients, 2.2%). Of the 240 patients with revision TKA, 26 
were male and 214 were female. The surgery was unilateral in 224 
patients and bilateral in the remaining 16 patients. Their mean age 
was 63.9 years (range, 40 to 80 years) at the time of primary TKA 
and 69.5 years (range, 41 to 85 years) at revision surgery. There 
was no significant difference in gender, the interval between the 
operations, and the initial implant between the <55 years of age 
group and the >55 years of age group (p>0.05) (Table 1). 

The major cause of TKA failure was polyethylene wear in 113 
cases (44.1%), infection in 99 cases (38.7%), and component 
loosening in 31 cases (12.1%). The mean interval between the 
primary TKA and the revision surgery was 5.7 years (range, 0.1 
to 18 years) (Table 2). 

1. TKA Failure in Patients <55 Years of Age 

A total of 453 TKAs were performed in <55-year-old patients 
between 1992 and 2012. Of these, 31 cases (7%) were revised at 
our institution. Their mean age was 50.6 years (range, 40 to 55 
years) at primary surgery and 59.2 years (range, 41 to 70 years) at 
revision surgery (Table 1). 

1) Type of implant for primary TKA 

The type of implant used in primary TKA was Maxim (Biomet, 
Warsaw, IN, USA) in 169 cases, Scorpio (Stryker Orthopaedics, 
Mahwah, NJ, USA) in 98 cases. Vanguard (Biomet) in 59 cases, 
Nexgen (Zimmer Inc., Warsaw, IN, USA) in 56 cases. Advance 
(Wright Medical Technology Inc., Memphis, TN, USA) in 51 cas- 
es, and Sigma (DePuy Orthopaedics Inc., Warsaw, IN, USA) in 
20 cases. In particular, the implant that was used in the 31 revised 
knees was Maxim in 12 cases, Scorpio in 16 cases, and Nexgen in 
3 cases. 



Table 2. Comparisons of Failure Modes after Total Knee Arthroplasty between <55 Years of Age Group and >55 Years of Age Group 



Mode of failure 


<55-yr- 


■old 


>55-yr-old 


Total 




p-value ^ 


No. (%) 


Time (yr) 


No. (%) 


Time (yr) 


No. (%) 


Time (yr) 


Wear 


14 (45.2) 


10.5 


99 (44.0) 


7.8 


113(44.1) 


8.1 


1.00 


Infection 


8 (25.8) 


5.6 


91 (40.4) 


2.2 


99 (38.7) 


2.3 


0.17 


Loosening 


5 (16.2) 


9 


26(11.6) 


6.7 


31(12.1) 


7.1 


0.55 


Stiffness 


1 (3.2) 


7 


1 (0.4) 


1 


2 (0.8) 


1 


0.23 


Periprosthetic fracture 


1 (3.2) 


8 


2 (0.9) 


4 


3(1.1) 


3.7 


0.32 


Malalignment 


1 (3.2) 


1 


0(0) 


0 


1 (0.4) 


1 


0.12 


Osteolysis 


1 (3.2) 


13 


1 (0.4) 


9 


2 (0.8) 


11 


0.23 


Instability 


0(0) 


0 


5(2.3) 


4 


5 (2.0) 


2.3 


1.00 


Total 


31 (100) 


8.6 


225 (100) 


5.3 


256 (100) 


5.7 




""^Fisher exact probability test. 
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2) Cause of failure 

The major causes of failure include polyethylene wear in 14 cas- 
es (45%), infection in 8 cases (26%), and component loosening in 
5 cases (17%). The foUowings were associated with failure in one 
case each (3%): stiffness, periprosthetic fracture, malalignment, 
and osteolysis (Table 2, Figs. 1 and 2). 

3) Interval between primary TKA and revision 

The mean interval between the operations was 8.6 years (range, 
1 to 17 years) for the 31 cases: the mean period was 5.6 years 
(range, 2 to 10 years) for infected knees, 9 years (range, 3 to 13 
years) for knees with component loosening, and 10.5 years (2 to 
17 years) for those with polyethylene wear (Table 2). 

4) Revision TKA 

Two -stage revision TKA was performed for infected knees, 
whereas one- stage revision was done in the remaining knees. 
The prosthesis of choice for revision was Scorpio (Stryker) in 17 
cases, Maxim (Biomet) in 1 1 cases, and Nexgen (Zimmer Inc.) in 



3 cases. 

2. TKA Failure in Patients >55 Years of Age 

Of the 11,363 TKAs that were performed in >55-year-old pa- 
tients, 225 (2%) required a revision. The mean interval between 
the operations was 5.3 years (range, 0.1 to 18 years). The major 
causes of failure of primary TKA include polyethylene wear in 99 
cases (44%), infection in 91 cases (40%), and component loosen- 
ing in 26 cases (12%). The other conditions led to TKA failure 
were instability in 5 cases (2.3%), periprosthetic fracture in 2 
cases (0.9%), stiffness in 1 case (0.4%), and osteolysis in 1 case 
(0.4%) (Table 2). 

3. Intergroup Comparisons 

In both groups, the most common cause of failure was poly- 
ethylene wear, which was followed by infection and component 
loosening. Although the infection rate was lower and the inci- 
dence of component loosening was higher in the <55 years of age 
group, no statistically significant difference was found between 










V ^ & fail® 



Fig. 1. (A, B) Radiographs showing failure 
of total knee arthroplasty (TKA) that oc- 
curred 1 1 years after primay TKA due to 
polyethlylene wear in a 50-year-old female. 
(C, D) Radiographs obtained after revision 
TKA for polyethylene insert change. 




Fig. 2. (A, B) Radiographs showing failure 
of total knee arthroplasty (TKA) that oc- 
curred 1 1 years after primay TKA due to 
aseptic loosening in a 53-year-old female. 
(C, D) Radiographs obtained after revision 
TKA using a metal block and a long stem. 
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Time of failure (yr) 

Fig. 3. The graph shows the frequency of failure over the time after total 
knee arthroplasty. In the > 55 years of age group, the incidence of fail- 
ure was the highest in the first 2 postoperative years and then declined 
continuously after total knee arthroplasty The incidence of failure was 
relatively constant over the time after total knee arthroplasty in the <55 
years of age group. 

the groups (p>0.05). The mean interval between the operations 
was shorter in the >55 years of age group (5.3 years; range, 0.1 to 
18 years) than in the younger patient group (8.6 years; range, 1 to 
17 years), but there was no notable intergroup difference (p>0.05). 
The frequency of failure was high within the first 2 postoperative 
years and gradually decreased afterwards in the >55 years of age 
group, whereas the value was relatively constant in the younger 
group (Fig. 3). Infection-related failure occurred at a mean of 5.6 
years (range, 2 to 10 years) after primary TKA in the <55 years 
of age group and 2.2 years (range, 0.1 to 10 years) after primary 
TKA in the other group. The mean period between primary 
TKA and component loosening was 9 years (range, 3 to 13 years) 
in the younger group and 6.7 years (range, 2 to 18 years) in the 
other group. Polyethylene wear was observed at a mean of 10.5 
years (range, 2 to 17 years) after primary TKA in the younger 
group and 7.8 years (range, 0.2 to 18 years) after primary TKA in 
the other group (Table 2). 

Discussion 

The significance of the study resides in the analysis of the 
modes of TKA failure in a relatively large number of young 
patients <55 years of age with degenerative arthritis who were 
enrolled at a single institution. TKA has exhibited excellent clini- 
cal outcomes and improved implant durability and quality of 
life; thus, the frequency of TKA has been on the rise constantly. 
High long-term implant survival rates have resulted in increas- 
ing demand for the treatment among younger patients and rising 



patient expectations. In addition, due to the surgeons confidence 
in the surgical procedure based on the experience of obtaining 
favorable outcomes in young patients with rheumatoid arthritis, 
TKA has become considered as a treatment of choice in young 
patients with degenerative arthritis. However, the results of TKAs 
were less satisfactory in younger patients and recent research us- 
ing the social, academic, and national registry data showed that 
revision rates were higher in younger patients^'^l 

In general, the 10 -year survival rate of TKA is considered 
90%-98% and some studies even reported the 15 to 20-year sur- 
vival rate was as high as 96%^'^'^\ In the meta-analysis of 13 stud- 
ies, Keeney et al.^^ documented the initial 6 to 10-year survival 
rates were calculated as 90.6%-99% and the > 15-year survival 
rates as 85%-96.5% in <55 years of age patients. Heyse et al.^^ 
reported that the 10-year survivorship of TKA was 95% and the 
20-year survivorship was 82% in patients with juvenile idiopathic 
arthritis (mean age, 30 years; range, 11 to 58 years). Julin et al.^^ 
analyzed Finnish Arthroplasty Register and found that the early 
failure rate after TKA was high in <55 years of age patients: the 
5-year survival rate was 92% in the <55 years of age group, 95% 
in the 56 to 65 years of age group, and 97% in the >65 years of age 
group. Vessely et al.^^ reported that the 15-year survival rate was 
significantly low in the less than 60-year-old group compared to 
the 60 to 80-year-old group and the more than 80-year-old group 
(82.6%, 95.1%, and 99.0%, respectively) based on the assessment 
of 1,000 cases of TKA. These high failure rates in young patients 
compared to those in elderly patients may be associated with the 
higher level of activities and functional demands, longer remain- 
ing life expectancy, and the greater prevalence of obesity in young 
patients^'^l Heyse et al.^^ suggested that the survivorship of TKA 
in patients with juvenile idiopathic arthritis may be affected by 
poor bone quality, contractures, and immunosuppressive medica- 
tions. Odland et al.^^^ stated that there would be difference in the 
outcomes of TKA between rheumatoid arthritis patients and de- 
generative arthritis patients. On the other hand, Bisschop et al.^^ 
reported that the survival rates and function scores were not sig- 
nificantly different between the rheumatoid arthritis patients and 
degenerative arthritis patients in <60 years of age cohorts. In our 
study, the TKA failure rate was 7% in the <55 years of age group 
and 2% in the >55 years of age group. However, we acknowledge 
that the study results were based only on the retrospective review 
of patients who underwent both the primary and revision TKAs 
at our institution and the failure to conduct follow-up of the total 
TKA cases (11,816 knees) may have compromised the accuracy 
of the survival rate calculation. 

The common causes of failure after TKA include infection. 
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polyethylene wear, instability, aseptic loosening, extensor mecha- 
nism problems, aseptic necrosis of the patella, periprosthetic 
fracture, and arthrofibrosis^^^ Sharkey et al.^^^ reviewed 212 
TKAs and noted that most of the failures were due to polyethyl- 
ene wear (25%), aseptic loosening (24.1%), instability (21.2%), 
and infection (17.5%). Fehring et al.^^^ reported that revision 
surgery was necessitated in 279 of the 440 knees (63%) within 
5 years after primary TKA because of infection (38%), instabil- 
ity (27%), bone ingrowth failure (8%), patellofemoral problems 
(8%), and implant wear or osteolysis (7%). Bae et al.^^^ identified 
the most common cause of failure as polyethylene wear, which 
was followed by deep infection and aseptic loosening, whereas 
according to Cho et al.^^^ the leading causes of failure, in order 
of frequency, were infection, loosening, and polyethylene wear. 
In 2013, Kasahara et al.^^^ reported that revision was required 
in 3.3 % of the 4,047 TKAs that were performed in 5 different 
institutions and the most common cause of failure was mechani- 
cal loosening (40%) followed by infection (24%), wear/osteolysis 
(9%), and instability (9%). The results of our study are similar to 
those of the above-mentioned studies: in our study, 44.1% had 
revision for polyethylene wear, 38.7% for infection, and 12.1% for 
component loosening. 

Most TKA failures are caused by mechanical overload due to 
malalignment or overload related to patient activities. Joint in- 
stability due to increased implant loads eventually leads to failure 
of total knee implants^^l Bisschop et al.^^ claimed that younger 
patients are exposed to higher risk of prosthetic loosening, poly- 
ethylene wear, and component breakage compared to elderly 
patients due to their high level of physical activities that impose 
high mechanical loads on the implants. D'Lima et al.^^^ suggested 
that knee forces affect component survivorship, wear of articular 
surfaces, and integrity of the bone-implant interface; therefore, 
excessive knee forces may result in the breakdown of the cement 
interface or collapse of underlying bone. Mechanically related 
failures are common in young patients after TKA, such as patel- 
lofemoral problems, implant breakage, wear, osteolysis, and 
loosening. Vessely et al.^^ investigated TKA failure patterns: me- 
chanical failures defined as tibial component wear, tibio-femoral 
instability, aseptic loosening, or component fracture were not 
observed in any of the >80-year-old patients, whereas the 15-year 
survivorship was 88.2% due to mechanical failures in <60-year- 
old patients. Heyse et al.^^ examined 349 knees in patients with 
juvenile idiopathic arthritis (mean age, 30 years; range, 1 1 to 58 
years) for a mean period of 12 years (range, 2 to 33 years) after 
TKA: revision was required in 31 knees (8.9%) primarily due 
to polyethylene failure or loosening (18 knees, 58%) and due to 



infection (4 knees), stiffness (3 knees), periprosthetic fractures 
(2 knees), bilateral amputation for vascular reasons (2 knees), 
patellar resurfacing (1 knee), and instability (1 knee). Odland et 
al.''^ foUowed 67 TKAs that were performed in <55 years of age 
patients with degenerative arthritis for a minimum of 10 years. 
In the study, aseptic loosening and/or osteolysis were the major 
causes of failure (11 cases, 16.4%) followed by hematogenous 
infection (2 cases), instability (2 cases), and patellar fracture (1 
case). In the analysis of Finnish Arthroplasty Register by Julin 
et infection was the cause of revision in a relatively small 
number of patients in the <55-year-old patient group (19%) com- 
pared to the 56 to 65-year-old patient group (16%) and >65-year- 
old patient group (26%). Therefore, they concluded that the high 
rates of early TKA failure in young patients are associated with 
noninfectious reasons. In the current study, polyethylene wear 
(45%) was most common in <55-year-old patients with revision 
TKA, and infection (26%) and component loosening (17%) were 
also the major causes of failure in that age group. Other reasons 
for revision included stiffness, fracture, malalignment, and os- 
teolysis. Compared to the >55 years of age group, polyethylene 
wear, infection, and component loosening were most prevalent in 
the revised knees in the <55 years of age group as well. Although 
the younger patient group exhibited a lower infection rate and a 
higher incidence of component loosening, the intergroup differ- 
ences were statistically insignificant. 

Lee et al.^^^ reported that infection-related failure of TKA 
occurred at a mean of 20.3 months postoperatively, whereas 
noninfectious failure developed at a mean of 221.5 months post- 
operatively. Koh et al.^^^ suggested the incidence of failure was 
related to the patients age. In our study, the mean interval from 
primary TKA to failure was shorter in the >55 years of age group 
(mean 5.3 years; range, 0.1 to 18 years) than in the <55 years of 
age group (mean 8.6 years; range, 1 to 17 years), but no statisti- 
cally significant difference was found between the groups. The 
incidence of failure was the highest within the first 2 postopera- 
tive years and gradually decreased afterwards in the >55 years of 
age group, whereas it was relatively constant in the other group. 
We attributed this to the relatively high rate of early failure caused 
by infection in the >55 years of age group. Polyethylene wear and 
implant loosening that could be considered as mechanical fail- 
ures developed at a mean of 10.5 years and 9 years after primary 
TKA, respectively, in the <55 years of age group, which was later 
when compared to 7.8 years and 6.7 years after surgery, respec- 
tively, in the >55 years of age group. The results were opposite of 
those shown in other studies; however, the intergroup difference 
was statistically insignificant, and thus survival rates should fur- 
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ther be investigated in a more precise manner 

TKA in young patients are expected to provide functional 
improvement and increased implant longevity^^l Functional 
improvement after TKA can be achieved by enhanced range 
of motion, increased motor performance and close to normal 
kinematic pattern. Implant longevity can be increased by more 
durable fixation, improvements in bearing materials, and lower 
polyethylene stresses^'^^\ Sharkey et al/^^ reported that improve- 
ment in implant design and material would contribute to reduced 
incidence of failure after TKA, and efforts should be made to 
prevent failures related to surgical techniques and iatrogenic fail- 
ures. They suggested avoiding implants associated with acceler- 
ated polyethylene wear and osteolysis, use of improved materials, 
such as cross-linking polyethylene, and performance of precise 
surgical techniques to avert postoperative complications, such as 
instability and component malalignment or malposition. Accord- 
ing to Dennis^^\ the use of mobile-bearing TKA designs should 
be considered as an option to reduce polyethylene wear by im- 
proving implant conformity without increasing loads transmit- 
ted to the fixation interface and reducing contact stresses. Some 
studies suggested that cementless fixation in TKA for young 
patients would allow for easy revision surgery in case of failure 
and lengthen the implant survivorship. However, the efficacy of 
cementless fixation has yet to be established, and it resulted in 
higher incidences of early loosening than did cemented fixation 
according to some studies^^'^^\ 

One of the limitations of the study is that it is a retrospective 
review of revision TKAs that were performed at our institution 
only. In addition, the influence of surgical material used in pri- 
mary TKA was not taken into consideration, and TKA survival 
rates could not be analyzed due to the possibility of patients hav- 
ing revisions at other institutions. In addition, the accuracy of sta- 
tistical analysis could have been compromised due to the notable 
difference in the total number of cases between the groups. How- 
ever, the significance of this study lies in the fact that a number 
of TAK revisions performed at a single institution was analyzed, 
a relatively great number of <55 years of age patients with degen- 
erative arthritis, not rheumatoid arthritis, were the subjects of the 
study. 

Conclusions 

The leading cause of failure after TKA in young patients <55 
years of age was polyethylene wear, followed by infection and 
component loosening. Although the infection rate was lower and 
the incidence of component loosening was higher in the younger 



patients when compared to patients >55 years of age, the differ- 
ences did not demonstrate statistical significance. 
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